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B (54) TiUe: IMMERSION LIQUID FOR IMMERSION EXPOSURE PROCESS AND RESIST PATTERN FORMING METHOD 
USING SUCH IMMERSION LIQUID 

(54)fgefl<7)««i: ;«;S»3flfc3fa42XfflSa?«fccfct;»sai«*fflL^f=Ui;x h/^^->f^fiK^^ 

o 

(57) Abstracl: An immersion liquid for immersion ex{x)surc process wherein a resist film is exposed through a liquid is disclosed. 
QO The immersion liquid is composed of a fluorine-containing liquid that is transparent to the exposure light used for the exposure 
process and has a boiling point of 70-270'C. A resist pattern forming method which comprises a step wherein such an immersion 
liquid is directly placed on a resist film or a protective film is also disclosed. The immersion liquid prevents changes of properties in 
both of the resist film and the liquid during the immersion exposure process, thereby enabling to form a high-resolution resist pattern 
through immersion exposure. 
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0000. 0*u< }i2 0 0 o~3 0 0 0 O^fcSo 

tib^x-^^o ^X'-h. (a 1 0) (i)7s/^m^^^fc{i:7iy*'ft;r>'w=¥/^^*5J; 

^ife^'fit ( a 1 0 - 1) Sr-^Ay-e.jfes. m<Di^m\^x ^ Tfvti y ■Br^tt^asgg^ii-t-;^ 
•7 v^^f^ y ^s^* 

10 fi-a-^: (a 10) tcdottS r^c^i^^icj; DT/i-;^/ y "ST^'l4^5^{li-t-'§j 

«r*lC7ri-SJ3MM:^^^^Sr"g-t?T/v;«7 V ^m'&.(DmmmtL ( a 1 0 - 1 ) tn. 
mmd) t (ii) ^ >bl-*i-S^a»;6S»i^3S^^l;:j^^U-C*5 !9 . 

mm!i)5lMm^&ti-i. i^^u^^^i^^ i^^^u^^^i^^ t^ViJ^ar/V;^:/. 
20 by n Tivij 7" n ^ i/'^ n T/V';^; i^fi: ^'o^^^fcf4#^^'ft;7j<^:fi)^ 

^m^^^-fbTk^f*. J: 9 :ir^6<)i;:f4, r^J^-^VtS'^, ^ya^jv 
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32 
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ttfiaT/i^=i— /i'tt7j<®£^"&^:7/^:^cir/V^/V;d-=¥->Si: UTf:i. (HO) C 
(CF3) (2-tr;5^ (^=ari^:7/^:^a^'5^/^) - 2 - 1: Kn =ari/- 

5 (HO) C (CF3) ^CH^CHaO-S (S-lf;^ (^=35-1^>' 

. 'l^Jcm^-^5fi"7/v^nr/V=3!-/V:^=3E^iXT/V=3f^/V»t U-Cfi. (HO) C (CF 
3) 2CH2O-CH2-S. (HO) C (CF3) ^CU^CH.O-CH-mm-d^mif 
ibii^^ r/V=i— /lx.|47j<^S^^:7/v:;^n.r/v=3r>'V'^t UTf*. (HO) C (CF 
10 3) 2CH2-S (2-lf^ (^d{-i^:7/^;^n7«9^/V') - 2- t Knarv^-3^^/^a> 
(HO) C (CF3) jCHaCHj-^ (S-f;^ (^driJ-7/V;^cip<^/^) -3 

;ntbe><^(i)-^(ii)©Kf^. llftlEflMa35i^#^KM^J^'a'b-CV>nFf J:v\ # 
(e:}*, ( a 1 0 - 1 ) mi^^'^i!)^r/^=i—J^n7i<m^^^:7jv^u T)V^)\^^^ 

>'m<^2m?fe'a-:0S|i^Ur?^^$n2)TIE-jiK^ (3 5) "C^^tLS^W, S 
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34 




(35) 



OH 



(^>f> xyt. (-0 (GH,) -) . i^fimm 

5 . ^eux. (a 10-1) m^tm.^^t>'^xm\t^hf\,^n.'hw^^ 

10 :i(7)J: p^^^^^^ji (a 1) tLTf*. text-'f^jv ^) T ^ V 

^b-C. fi-a-^t: (a 10) *6)J::fi'a-|*:oM<4<lr|p]_h$>^57 5/^'fbT 
/v-dp i^v-^fi^^^i ( a 1 0 - 2 ) «r-^A/-e/£ S . ^(Of^ffit:: J: ?) T/i^* y pT^lt 

15 i)^m^-r^M-^W (a 1 1) i?foo-C'liJ;v\ ;ic^J; ^^te^lfl^TO (a l o- 
2) ^"g-tpCttJ:j;«9. i^BJttjiS^bf-lRj-h-rSo (a 10-2) t 
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35 

ijj^Tt-. m^i^ (a 1 0) tm^i^ (a 1 1) ^m^—^^ o e) o ?) 



R 




c=o 

I 

O 



•(CH2)rf 



R 



19 



(36) 



OH 



(^if, Z, n', m' {iHGia— JK^ (3 5) (Dm^tWill^X^hV. R^tK^J^^^ 




c-^ _(_c_c-)- 

H2 I ^ F2 F2 ^ 

c=o + 

1 

o 



(CH2)n- 



>19 



C„.F 



(37) 



OH 



Z, n', m', R*3j;T>*R"'f*ttf|a— ^ (3 6) ©li-a-t 1^ C-efc 

So ) 
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36 

m^i^itm^i^ (a 1 0) tm-B-i^^ (a i d tn^fi:^. m<Dmmm 
mm^L ( a 1 0 - 1) ^-^A^T'^is. m<D^m\^^ ^ tj^^ v -^mmmitir^ 

■rti:t>ib. m^m^ (a 10-1) ij:*3v^r, (i)7^ymm^^tci'iyrym^[: 

10 (a l 2) f*. 7^^^ :7 s/^M^^^i-^ v^* 

^i?aii^;5S^*U< ^ $^>{J:}i, 1, 1, 2, 3, 3 — ^V^tJ' :7/V:;^n - 4 - K 
y ^ ^/V- 4 - 1 dS^i/- 1 , 6 -^T'iJ' ^J=^l^ (C F2= C F C 

15 C (CF'3) (OH) CH2CH=CH2) <Dm\:&-^VLX.^'B0.-^if\.^M.-^^i}^T. 

fc^^W (a 10-3) ^'^A/-c/£;5S-6-#:;0W^bv\ ^(DmMMW^M^ 

Ma«^#:07j<^{J:*J-bT, 1 0 ~ 4 0 * U<f* 15-30 %0$5fflT- 

25 &.TiC, m^i^ (a 1 3) ^^-r-/^^ (3 8) ^^ir. 
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37 



/ F H >, / F H \ 

-f—c — -c — c — c—\- + -f— C — -C C C—f- 

^ ^2 / \ Ha 4 / H2 / /y 

F^C^ ^CH2 FaC^ ^CH2 

(sS^f . R"f47j<^i^i^*yh}:iC 1 ~C 1 5 ©r/V^/v:a-=¥V^ 9 , 

X , y n^fl^tl 1 0 ~ 5 0 ^/V%-efc 5o ) 

Ctb^>(D«-B^^ (a 1 0) , (all), (a 1 2) ^tJ? (a 1 3) <25;^P 
5 (D^ f^f^XMiX'$y^, m^l-i. S. Kodama et al. , "Synthesis of Novel 
Fluoropolymer for 157 nm Photoresists by Cyclo-polymerization" 
Proceedings of SPIE, Vol. 4690, (2002) pp76 -83 •^#f|^:5Cife, 
-^mf^O 0 0/Q 7 0 7 V. H^<2jM0WO 0 2/6 5 2 1 

2^/<lyZ7U-y mn<^mmWO O 2/6 4 64 S-^^-^^/^l^S/ ht^ia^tc^ 

10 :^mz.^^x. -a-^-t?#;5„ 

*fc. ^ (a 1 0) . (all), (a 1 2) mf- (a 1 3) ^^<Omm(OG 

P etc j;5xKy vvm^«»5p::^:JH^af±, #twPS^i-S^©-efi/£V^dS 5 
000~80000, $ btC0^U< «8000~50000i: 

S-a-f*: (a 10) lffi*fc:{±2®iiA±©«;&^P,fl|^t--5Ci:;5S-e 
15 mx.\^. Jrij&CO (a 1 0) , (all), (a 1 2) ^TJ« (a 1 3) t^hM 

-hiEWo4'-e, T^v^^mnm ( (ai) ~ (a 4) ) ^m\<^tz^i'jmu'j 
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.38 

-^fc. i^/\^±y^^:t^-^>^mm ( (a 6) *3j;t/ (a 7) ) ^ffiV^fcxKv^M 
5 ^fc. #^^(^^^1 (a 8) ^^Xfy^f:in (a 9) ^ffiV^fc^>;^M Vi?;^ b {31 

26 iJ':/;:^/!^*:^-— h> t*;^ (p — t e r t — :/^/V7ic=./V) 3— K^^^J^AMJ^ 
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39 

Zf^ :/;5^/V7j>^— (p - t e r t —Zf^/V:7:ji:=-jV) zc^jUy^jU^::^^^ 

(p - t e r t — :/^/v:73i^/U') a— F=!>Ay-:?-:7/v 
(4 - h y :7/^::rt2p<f=-/^>'cc^/V) v^:7;c:=./v;^/^;!}>:::^r^i» h y :7/v 
7f;c^>^Ay:^7/V';^n^j?:/;:^/V4^^— hV (p - t e r t -::/^/v:7aic=: 

10 e>tbSo 

7 0 ~ 1 0 0 ^/v%, MhtJi^ U < 1 0 0 r ^ bv^c 

15 ^fe. b y :7air^/V;:^/V;<3>c:iTj7A:^cD5 TIB— (3 9) -e^$ 
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40 



R2I 




R23 

(39) 

1-10 «fl:tB i $ tu-5o 0 . 5 nm^m-Ci-iy^^- >'mmii^-t:^i^nt>^f£ 
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41 

20 fcVvT^i^, b y ^ V5^/VT 5: /i^rs: b y 3^^/*-/^t$ v 
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42 

]) V^i^^ :^ y^jWj: i£(DV fi^tb b T^/V- 

ttIia'rW(i> 10 0 MIPR^ i9 0 . 0 1-5. 0 «ftlFR<7)tiJ-a-e^ 

10 v\ 

(D^ffij^li^iJ. ^«J. *-fe^J> /^W- >/3>-p^ih^iJ^<^^' 

/tC/V-^^^, v'iJ' n^arf->':^7« — 3, 4, 8 (*fc}i9) -h^tKn 
25 V'- 2 , 3 - /K 1. 3, S-hUtKci ^"iy^'y^/ t K 
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43 

10 ov>T. UfcPJi-S., 

^^pjlJi^Sl^K^vi^;^ h/-«i5'~>^?i^^::&-^Sfet*. ?«am^:/i3-fe;^^^v>^ 
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44 

Kr FrndE^V-^ Wlf-, F^l^-U*-. EUV m^m^W) . VUV 

/5^f*> ^{i:. i^v?;^ MlIw#til::J;o-c?*:;£^tbSo 
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45 

15 5„ M«^tait ^ urn. ym^m u < t/v;?; 

y -^mmmmm^^^^^ vxfj:^7mmi>mi£. uv^„ 
M^\^Mvxmm^^^-t^-h<Dxhth\-i. t^<Dx^^j:-h(D^m\^^xhx<. # 
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46 

y JVT 5 b\ N.N - ^ y f >'^;^ iS? i?" U /V'T 5 K. N, N- t?p< 

iJ^y/vT^Ks N, N--:^p<^/vr3:/^^>'^><i5'i5' y i^— n, n-v^^^ 
/^r5/3i^/vp<^j^ y i^— N, N-^^pJ'^/vT? y^i^yi^T^ y i/— 

Tir y ci>r>'V^/V'3if: y V. y/V^^Sr^ft#:i:-fSTi5' y /^MmS-a-^ ; 
y i^ri;U'r>'V=i— /V'> ^ y t'nyi^en y Kv^^cd t'^^v^m-a-^: ; #Sr^ff 5 r 
10 hi)^-^^^. ^fx.ho^^'^^^ 5>^^cpl^7j<M^%^U/£VvK^tt7Ky-r--CfeS 
TiJ^ y/i'm^m'a-#:-^^y ec^^vtra y K:/^dW3S-efeS„ ^tbbTK^ttW 

- 1 Kadei^^vXT/V'T^t K. 3.-t Knd?->y-<^/XT7V7*t K 
20 -a-^:. t Fcidriy;^f^i/>'i:Ti5' y/v^l*p« iJ'^ y>'^'^foSV^{^•?:(^M^#:t 

25 ?i^fife^:9-^fcS„ 
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47 

= MI :7;U'^T3p<^>-;^/P3t;^— If^ (p— t e r t -3^*^/^7 31 = 
/k7j>:=:erAby:7/V';^a^^>';:<./V5i}N;t>— (4 ^/V^^^n^V) i^>'3i— 

/^:x>;^7^;;r^J7Ay•:^:7/^^la:/^?i^;^/^4^^— (p — t e r t->^^/v7cn 

10 — K=!>A/•:^7/^:^P7'^?^ V;^'^/^*:^— t";=^ ( p - t e r t -:/9^/v:7cc 

ri/v) 3— K=!^Ay-^-:77V:^Py^^>';5^/v^^— b y /^;^/^7^::=^»> 
i^y:^^/^^^^^?^ V^/VjJ>^^— bs (4- b y ^/v^nT^^/v^cnc^/v) 
3i=/U':;<./v>i}Nriij7A b y ^/v^np? ^ bx (4 — b y 7/1^:^-0 

15 (p — t e r t — 1/5^/^7 cc^/P") ;^/^4^:=il>A b y 7/V':^i=ip< 
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48 

tJn^/w) T^iJ'ix (CF3SO2) 3CH. ihV yji^^npi.^/u:?./u:^=.ju) t 
^> (CF3SO2) 5jNH> t';^ (^>'i?7'/^:^p:i^^>'V;^/^3t?— yV) {C 

iBm'i4'ft;'a-i^:s.Tj«/'x(*mi§ife^ij<o'^^*ft> 1. o~i5. om4%-x?fos<^ 
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49 

5 mmm i ) 

mmm^t VXit. Tia-fb^^ (4 O a) . (4 0 b) . (4 0 c) \ZL^l.tc 

3 mtDm^^iiLT!)^ hti:^:^^^V /um=^:^TJi^ -T^V T/^cD^M-^i^ 

10 1 0 0«»gPS^fflV^fc„ #Bij^5^©WlC«V>fc^«^^'fSp. r (Ditit. 

p = 5 0 q = 3 0 r = 2 0 t Ufc, bfc^ll^^}-® 
1 0 0 0 0 X^^fto 
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50 




(40c) 
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51 

5 7"- h t ^m^f-J^^fOm-^^^ 1 9 0 0 «ilH5 i (^m-a-^^lJ (®aJt e : 4 ) Srffi 
*-r> «^S*ri&ihj^iW^ TAR-l 9J (^iS.^^ Sh i p 1 eyi^: 
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52 



V mMT- 6 0 ufco r/v:^ v t u-c 2 . 3 s «*%-7" h 7 

^-^iJ'-V-^^^MS^mm^ (SEM) tCi t^m^Ufctr^. r<^/-?i?^->-r 
l^— ASEM (FE If±i!iA 1 t u r a 8 3 5) iCT^SJl^Jfc^^ta^Ufc: t 




.0, 



p 



'c=o 



o 



(41) 
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5 b tmk=^^JV(Dm-^mi^l 9 0 0«ft§Pi:(D?M^^^IJ (WftJ:b6 : 4) ^ffiV^ 
/£*5. ?^^UfcWv?;^ 14 0 nm-^fe 19 . h/^^' — V'tS 9 0 

10 #t,nfci^i:^;^ h/-^:^'— >-^^^Mm^iM^^ (SEM) ipH^Ufct ^ 

15 f*. tfrlBllii^ll 2 t ^ < |llil<^^f^(CT 9 0 n m<Z? 7 >'T h^:^^—^-^^ 1 : 

mm^^ti^xn. rmit^^ (42) \z:^\.fc2m<Dmmmif)>^^^^M 

m = 8 4 ^/^%, n = 1 6 ^^1^% t UfCo MbfcWg^5^<D«42p:^^^^{i 
20 8 7 0 0-T?feofjio 
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54 




^li?^-^. mj^^MM^ 8 . 1 1 #e3tbfc MWfi 2 2 O n m 

n^tiitu^j:^hy<^—:^^7mmm^mmm (sem) leiitju^ufct;! 
imm2) 

mmmt lt. 2 0 cciii^sits^^^js 1 0-' t o r r jjAT-cfcs^ -r^fe*? 

Xmt5fe^^». ^iPpife : DEMNUM S - 2 0 Sr^V^fc:: t «tllB^ 
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55 

5 ^y'J■y^hmzLmm^x^^^^—y/^^n^v:^--'rM\:/^wnm\^x\^ 

10 -k-o 

:i<D}^^J>^Y/<'^—i^^it^mM.^mmm (SEM) {;Lj;?)li^Ufct^^. 

(Jt$g^[l4) 

16 filO^lllT? 9 0 nm^-^ i^r ;x K;^^— 1 : i i>£^ i^-:;?;;?. h^'^iJ'— 

:i(OUx;^:;^h^<-$t-'i^^^mm^mmM. (SEM) iJiiDli^Ufc^::!^. 

(»M4) 

20 ttrJlg^:9-i: U-C. TIB^b^^ (4 3) "C^^n-Sii^t) 3i&um{4^^i-^TOJ^ 
25 Wf^^m&^7. 0®ft%t Ufc;t>:^Mi^i^:^ 
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56 




(^tf^. 1 :m:n =20:40:40 T'fcSo ) 

m:^s mm±.K^m^RMm±m far - 1 9j s h i p i e ytt 

m±m^mm\^tc. Z.<DRMm^^±i^. tfllB;t^;^Wl^i^^ ;=^t:°V^->^ 

ffiv>T^;fiJU 1 4 0°c(j:t6 0#r^:/w-<-i5'UT|feM^-it6iitcj;i9. tfr 
±mmm.Kn\^x. r-^:^=p^^Sr7°y XA^^urflSlti-s^: ^{::<k-o-c. 

» ^Sr> ^Wi^WL^^. 9 3 nm©Ar Fa^df^iX-^ l^— if— 'Sr^V>T, 
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m^Myt(Dm. 13 0 "CKX 6 0 ^rao^-ffj^-C P E B b> ^ b J:: 2 3 "CtJl 
TT/i^;*; V ^m.^X 6 o#ram^bfco T/i';57-y m.^^t LTti 2 . 3 8 w t % 

^—i^^^^mm^mM (sem) i;i-c^g^bfct;i;5. ckd^-?^?— vcdtt^h 

■^fc. h/'^iJ'— V<7)^-<^/3^5/v'9>'^^ (LER) ^ID^HtCSE 

10 M\^xm.^\^f^t:iS. 2. gnm-efeofCo 

-h|3^i6M4 ^r:^< III#(^^f^ie:T 6 5 nm<?57-r V K;^^— i ; i 
tf3:^uz^:^hy^^-':y^^m-m,^m^m. (SEM) tcxM^Ufct ^ 

(Dy<^—:y(D'y-uz7r4M'^is\,^Xl-imM^<Dy<<$'—>^$:7!)^^bfhfj:\^^0,M^£ 

15 t><DXh<?tZo 

TIBo-W: (4 4) -e^^ttS®*^*^^*:! 0 0 0 o^trjlM^r^-i o o 
MMU. MI :7ain/v;;?>/^7J^c:l>>A/•:^P'/v:^^y^5' v;^/V7^;^— b 2. 5114 

^^Ji 9 o ofi4§p (MMite : 4) 55*6)J^jiS7Ke?Mw-:;^;^ b^faHLi/ho 



wo 2004/079800 



PCT/JP2004/002747 



58 




(44) 



(^cf , j:k: 1=50:30:20 "Cfe-So ) 

^m^i^^m^^M^itm tar - l 9 J (^M. S h i p l e y*t 

5 M) ;^t°>'-^— ^^v^Tv-y yN_hicm^U. ^^5^ b_b-T? 

2 1 5°C, 6 0#K«b-C^M$^SCiJCj; fl^^8 2 nm<D^m^^lt 

;Bv^■rM^U 1 1 5°cle:X9 0#M>^i^^-iJ^U-C^j^^*5:itlJ:±i9. ttf 
ffIlSSf3te<^^^ 1 1 5''CJCT9 0#^O^#-CPEB«]faU $ tjlC 2 S^CfC 

xT/i-:iiv 6 0 fm^^ ufco t/V';^; y ^ ut 2 . 3 s w t % 
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y^^^iy^^mm^mWiM. (sem) iz.xm^\^t^t^^. ^(o^^'^—^ycozr 
(^^J7) 

^^12 S'ClC-CQ Ol:!>racC)^#i: Ufciit^f:i^< |Rl«0#)li{clX. 4 5 nm© 

(SEM) {iiTm^bfci:^^. r(^)x-^>J'->'(07"a:7r'f>'H;i*5 

10 (^JS^JS) 

SIfPt U:feJJt^f:i^< i^^O^JlSlJl-C, 5 0 n m(^^-f >'T V K:^^— l : 

1 b^N-jj'-vsr^i^j^u^co m^icjfe^Mm^rom^ (SEM) \CX 

(^M9 : :7 5'^7Ky-^— ffiV^fcV'5^;^ h<^Wflfi^®tl) 

20 ^V>fc##^¥>ffi:m. n(7)it(*, m=5 0^/V%. n = 5 0 t bfCo I^M 

UfcWMAK:$>®®a¥:^:«-^^fif:i 1 0 0 0 OT?fe.ofCo 
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60 




(4 5) iS^XJ^ (4 6) 4". Rft> CH2OCH3, &SV>(*, H-efcSo 
•r— h (PGMEA) ^fflV^fclo 
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H3CO— C— O- 



9F3 ^ ^ ^ ^ 

R>K> 

CF3 



CF3 



■O-C-OCH3 
H2 



(47) 



-><Dm0.^n<^t^o *-f, ^m^RM^±mm.m tar-i 9j (^a^^. 

5 S h i p 1 e y^±M) — ^M^^^Xi^V =1 oix^Jilcm^ b> -^^y h 

^my^^-^\^x. ^m^±m±\^mm2 5 0 nni<D 

— >'yV:^n^i5^^/Vj^/V'3jsV®g (C8F17SO3H) ■e$)SEF-10 

JUT 5 v<z) 2 0 mA%ymm s o g ufco ^©m-a-^ 2 5 g i o m 

15 2 0 0 g U-C<*:il»^ffim«<irPMUfCo :i<Dm^^<D p 

tulBv^i?;^ Mli±:(;:. tifiaisp:^lii?l^^ffiM^?S%^^u> ;^t:"v K^-f (mte 

•^;:^^/-?i5'->':S:^bT. It^g^ffiN S R- S 3 0 2 B (=-=i:y^m. 
20 NA (UHPl^) =0. 6 0. 2/3$!^) KX^. A r FrcdriX-^ W«— if- (fjfe 
9 3 nm) S^ffiV^■C. z-^^— :^^SrfliM (H^) Ul^o ^(D^. 1 2 0°Ct? 
9 0#fWPEBU ^h\^2 S'CKX 2. 3 8®:i:%7" h^^^/VT^'^^l^A 
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5 fco 

15 UTv^;5„ 

^ik^mmrf-mMM (sem) {!:J;9t^^byh^^:^. i^:rci:7r^ 

20 -fe;^}ii*5{tS^^(C^-r'5ig'fb4f±0. 0 5%Xyymm^^i^^mTVfJ:\^^m'B■ 
(«^J 1 0 ) 
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63 

^M^mm^m^ (sem) KX'ommvr^t:!^. ^<D^<'^—:y:^xi-yr4 
mmm 11) 
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